Background: Complete myocardial revascularization with internal thoracic arteries (ITAs) improves long-term survival and decreases the rate of repeat operations, compared to vein grafts. Adequate length of the graft in coronary artery bypass graft (CABG) surgery is essential for providing complete arterial revascularization. Extra length can be obtained by skeletonization of both ITAs. In cases where the right ITA (RITA) is too short to bridge the distance to the target anastomotic site, it is used as a free graft in "composite" arterial grafting, a surgical technique in which free arterial conduits are proximally anastomosed end-to-side to an intact ITA. Objectives: To describe alternative surgical procedures adapted to accommodate special anatomic requirements. Design: Retrospective study from April 1996 to April 1999. Patients: One thousand fifty patients underwent CABG surgery using bilateral skeletonized ITAs: 650 patients (482 men and 168 women; mean ؎ SD age, 69 ؎ 7 years) underwent composite arterial grafting. Two hundred sixteen patients (33.2%) were diabetics, 87 patients (13.4%) had severe left ventricular dysfunction (ejection fraction < 35%), and 27 patients (4.2%) underwent emergency operations. Interventions: The RITA was used as a free graft connected to the in situ left ITA (LITA) in 618 patients. A free LITA was attached to in situ RITA in 32 patients, and minicomposite grafts (free distal LITA on the LITA or free distal RITA on the RITA) were constructed in 38 patients. The average number of grafts was 3.2 per patient (range, 2 to 6 grafts per patient). Measurements and results: Operative mortality was 2.9% (n ‫؍‬ 19), and there were 11 sternal wound infections (1.7%). Early recatheterization was performed in 41 symptomatic patients. The patency rate was 95%. The mean follow-up was 25 months (range, 14 to 36 months), and the 3-year survival was 92.5%, with 97% of the surviving patients being angina free. Conclusions: Planning CABG surgery using bilateral skeletonized ITAs as arterial conduits affords greater choice in grafting approaches, especially when a composite technique is feasible.
C
oronary artery bypass graft (CABG) surgery was traditionally carried out using an in situ internal thoracic artery (ITA) in combination with a saphenous vein graft (SVG). The patency of the SVG at 10 years postoperatively was only 50%, while that of an ITA was 93%. [1] [2] [3] This finding motivated using bilateral ITA (BITA) grafting in place of the combined single ITA with SVG approach. Several studies have reported potential survival benefit with bilateral ITA (BITA) grafting. [1] [2] [3] In addition, the use of BITA was associated with greater freedom from reinterven-tions and repeat operations. 1 Despite excellent results and low mortality and morbidity, until recently, application of the BITA approach was infrequent. 4 -7 The pedicled right ITA (RITA) was less useful than the left ITA (LITA) because it was not always long enough to reach the branches of the left or right coronary artery (RCA) without tension; this led to its use predominantly as a free graft, but with a lower patency rate when it is attached to the ascending aorta. 8 Another reason for cautious use of BITAs is related to the increased risk of sternal wound infection. 6, 7 A surgical technique was developed in which the ITA is dissected as a skeletonized vessel. 9, 10 This harvesting technique bestowed the advantages of greater length and greater spontaneous blood flow of a skeletonized vessel compared to pedicled ITA. 11 The use of skeletonized ITAs allows the use of both ITAs as grafts to practically all coronary vessels requiring surgical revascularization, thus obtaining complete arterial revascularization. Another advantage of using the skeletonized ITA is the preservation of collateral blood supply to the sternum and decreased risk of infection. 12, 13 The bilateral skeletonized ITA technique is the preferred method for myocardial revascularization in our service. The routine use of the SVG was halted in 1996, and vein grafts are currently used as a fourth optional graft, after the radial artery and right gastroepiploic artery (RGEA), or in emergency CABG surgery. 14 For those cases in which an in situ RITA cannot loosely reach the left anterior descending artery (LAD), we use a composite arterial grafting technique whereby a free artery (usually the RITA) is connected end-to-side to an in situ LITA. The patency rate of the free graft in this arterial arrangement is similar to that of the in situ ITA, and complete arterial revascularization can be achieved. 15 Between April 1996 and April 1999, 1,050 consecutive patients underwent CABG surgery in our department with the use of skeletonized BITAs; 650 of these patients underwent this procedure using the composite arterial grafting technique, and 400 patients underwent in situ BITA. In this report, we describe how different anatomic variations were accommodated by altering the surgical technique for achieving complete arterial revascularization, and we report our results in this group of patients.
Materials and Methods
Four hundred eighty-two men and 168 women underwent CABG surgery using the composite arterial grafting technique by means of bilateral skeletonized ITAs. They comprised 62% of the 1,050 consecutive patients who underwent CABG surgery with bilateral skeletonized ITAs during this period in the Tel Aviv Sourasky Medical Center. The other 38% of patients underwent in situ BITA grafting. The preoperative and operative characteristics of patients receiving composite grafts are listed in Table 1 .
The ITAs were dissected as skeletonized arteries 9,10 before heparin administration to decrease the risk of damage and hematoma formation in the region of the side branches during dissection. We favor elective opening of the pleura before ITA dissection in order to facilitate exposure. To avoid thermal injury to the ITA, it is extremely important to keep the cautery setting on "low" throughout the dissection. Using scissors or the tip of the cold cautery as a dissector, the artery can be gently separated from the chest wall, leaving the accompanying veins, fascia, and adipose tissue in place. Forceps should never be used to grasp the artery itself, but they may hold the small remnants of soft tissue that cling to the adventitia of the ITA. Branches of the artery are divided between two silver clips using scissors. Once the branches are separated, scissors or low cautery are used to divide the remaining medial and lateral soft-tissue attachments. The skeletonized artery is then put into a small syringe filled with 1:30 papaverine saline solution. This bath of warm papaverine suffices to relax any spasm produced during dissection without the risk of endothelial damage caused by other antispastic maneuvers, such as intraluminary papaverine injection or mechanical dilatation.
Surgical Technique
We prefer using BITAs as in situ grafts for left-side myocardial revascularization. We believe that more blood sources are associated with improved long-term outcome. The cross arrangement (the RITA to the LAD and the LITA to the marginal branches of the circumflex artery) is based on the assumption that patency rates of the RITA to the LAD are similar to those of the LITA. 15 When in situ RITA cannot loosely reach the LAD (eg, in cases of a very long ascending aorta, an enlarged right ventricle, a too distal or an unpredictable LAD anastomotic site), we use a composite arterial grafting technique, whereby a free artery (usually the RITA) is connected end-to-side to an in situ LITA.
We do not use the cross technique in cases with a short RITA, a very long ascending aorta, an enlarged right ventricle, or a too distal or unpredictable LAD anastomotic site. When the distal RITA cannot reach the LAD without undue tension, we use the RITA as a free graft, and a T-shaped anastomosis 16 to the LITA is prepared at the level of the main pulmonary artery before the patient is connected to cardiopulmonary bypass (CPB).
The proximal composite anastomosis of a free RITA on the LITA might sometimes be performed when the patient is receiving CPB, after constructing all distal anastomoses. This is the safest way to precisely determine the location of the composite anastomosis without compromising the LITA flow to the LAD.
Sequential grafting is essential for complete arterial revascularization with composite grafts. Our preferred approach is a diamond-shaped side-to-side anastomosis for branches of the circumflex artery. This approach carries the advantage of using the shortest possible ITA segments between anastomoses (Fig 1) , thus improving the likelihood that the arterial length will be adequate. To prevent tension between anastomoses after filling the ventricle with blood, the length of the ITA segment between anastomoses should be 5-to 10-mm longer than the actual distance between coronary arteriotomies. For the intramyocardial coronary artery or for vessels buried inside a deep layer of epicardial fat, we use a parallel side-to-side anastomosis (Fig 1,  right, B) ; constructing a diamond-shaped anastomosis in these cases exposes the ITA to the risk of seagull-wing kinking. 17 Despite the extra length obtained with skeletonized ITA harvesting, the LITA may still sometimes not reach the distally located anastomotic site on the LAD. For such cases, a composite graft may be constructed where the in situ LITA is connected to a marginal branch of the circumflex and a free RITA is anastomosed end-to-side to the LITA with its distal end being connected to the LAD (Fig 2) . Another variation of composite grafting is the small Y-graft, wherein a small distal section of an ITA is anastomosed end-to-side to a more proximal part of the same artery (Fig 3, left, A) .
In cases which require revascularization of both the diagonal and circumflex system, the LITA is anastomosed to the LAD, and the diagonal artery is one of those supplied by the free RITA (sequential grafting; Fig 3, right, B) . The proximal composite anastomosis of a free RITA on the LITA in this case has to be performed when the patient is receiving CPB, after constructing all distal anastomoses. When the diagonal artery is intramyocardial or buried deep in fat tissue, it is necessary to use either a parallel anastomosis or a small Y-graft to prevent seagull kinking (Fig 3, left, A) .
Revascularization of the Right Coronary System
An ITA grafted to the RCA has a low patency rate. 2, 5 Since an arterial anastomosis on this calcified or fibrotic vessel tends to close, we prefer using the more distally located posterior descending artery (PDA). It is possible to reach the PDA with a free RITA attached end-to-side to an in situ LITA as a composite graft. When no graft to the posterior wall of the heart (the circumflex region) is necessary, the RITA may also encircle the apex of the right ventricle on its course to the PDA anastomotic site (Fig 4) .
When the RITA is not long enough to reach the PDA, we use the RGEA as our graft of choice for the PDA. When the PDA is unsuitable for RGEA grafting, such as in cases with a potential for high competitive flow in the RCA, we select the SVG for revascularization of the RCA system. To decrease the risk of spasm of the arterial grafts, all of the patients were treated with high-dose IV infusion of isosorbide dinitrate (4 to 20 mg/h) during the first 24 to 48 h after operation. 14 
Statistical Analysis
Data are expressed as mean Ϯ SD or proportions. The 2 test and two-sample t tests were used to compare discrete and continuous variables, respectively. Multivariate logistic regression analysis was used to predict unfavorable outcome events by various risk factors. The odds ratios (ORs) and 95% confidence intervals (CIs) are given. Postoperative survival is expressed by the Kaplan-Meier method. All analyses were performed by SPSS software (Version 9.0; SPSS; Chicago, IL).
Results
The 650 study patients received from one to six grafts each (mean, 3.2 grafts). The average CPB time was 75 Ϯ 27 min, and the aortic cross-clamping time was 65 Ϯ 20 min. The RITA was used as a free graft connected to the in situ LITA in 618 patients (95%), the free LITA was attached to the in situ RITA in 32 patients (4.9%), the small Y-graft was constructed in 38 patients (5.8%), the RGEA was used in 119 patients (18.3%), and SVGs were used in 50 patients (7.7%).
Operative mortality was 2.9% (n ϭ 19). Increased mortality was noted in repeat operations (14.3%), failed percutaneous transluminal coronary angioplasty (PTCA) [8%], female patients (6%), and patients with left main disease (5.6%). However, preoperative use of an intra-aortic balloon pump (IABP) [OR, 20.5; 95% CI, 3.82 to 31.5] and failed PTCA [OR, 3.65; 95% CI, 0.96 to 13 .87] emerged as the only independent predictors of early mortality (30 days). There were eight perioperative myocardial infarctions (MIs) [1.2%] , and 12 patients (1.8%) sustained strokes. Sternal wound infection occurred in 11 patients (1.7%). Neither diabetes nor advanced age (Ͼ 70 years) were independent predictors of untoward events. COPD (OR, 8.8; 95% CI, 2.3 to 32.8) and failed PTCA (OR, 4.5; 95% CI, 1.07 to 18.6) were independent predictors of sternal infection. Postoperative follow-up (mean, 23 Ϯ 6 months; range, 14 to 36 months) was available in 631 patients (97.6%). One-year and 3-year survival rates (Kaplan Meier) were 94.8% and 92.5%, respectively, and only 15 of the surviving patients (2.4%) reported return of angina. Forty-one patients underwent postoperative cardiac catheterization during the follow-up period: 15 patients had procedures because of chest pain, 6 patients underwent positive thallium single-photon emission CT, and the remaining 21 patients consented to elective catheterization within the framework of our learning to use the composite technique. One hundred three of the anastomoses (95.4%) were patent, and 5 were occluded (4.6%). In two of these five anastomoses, technical problems were noted in the site of the composite (free RITA on an in situ LITA) anastomosis.
Discussion
This report focused on the technical aspect of BITA grafting using free ITA attached to the in situ ITA (composite graft). The ITA is currently the conduit of choice in CABG surgery because of superior graft patency. 18, 19 While the RITA and the LITA are comparable in size, flow capacity, and patency, 20 the pedicled RITA is less useful since its length is not always sufficient to reach the target anastomotic sites on the right or left coronary vessels. Instead, the RITA is used primarily as a free graft attached to the aorta, with a lower patency rate. 8, 15 Several studies have been reported over the past few years showing survival benefit, 1,3,5 lower reintervention rate, 1 and better angina-free survival 1,2 after BITA grafting when compared with the use of a single ITA.
The T-graft was first utilized by Mills 21 and Sauvage et al. 22 Complete arterial revascularization was achieved in these series with two conduits in which the RITA is usually attached to the in situ LITA and directed to the lateral and posterior aspects of the left ventricle, while the LITA is directed to the anterior surface of the heart. Studies have shown that the skeletonized BITA composite graft has excellent blood flow reserve. 23, 24 Calafiore et al 20 demonstrated a better patency rate for free RITAs as part of composite grafts from the in situ LITAs when compared to those attached to the aorta. They postulated that the lower patency rates of free arterial grafts arising from the aorta are related to exposure of these grafts to turbulence and its associated risk of intimal damage. 20 A recent study has shown that using LITA with a composite free radial artery is associated with good early patency rate and clinical results 25 ; however, survival benefit for this technique was demonstrated, so that it can be considered as an alternative approach in patients when the use of BITA unsuitable.
This study included 650 consecutive patients in whom a skeletonized BITA composite grafting was used. This technique preserved sternal collateral blood supply and resulted in a relatively low rate of sternal infection even in patients with increased risk for this complication: elderly and diabetic patients. 6 Diabetes mellitus is generally considered to be a major risk factor for sternal infections, especially when pedicled BITA is used. The risk in these circumstances was estimated to be five times higher than in patients with single ITAs used. 26 We found no evidence of this relationship in those receiving skeletonized BITAs. The only significant predictors of sternal infection in this study were COPD and emergency cases with failed PTCA. Increased risk of sternal infection in patients operated on after failed PTCA is probably associated with low cardiac output. In addition, we noted that emergent surgery for failed PTCA and preoperative insertion of IABP were predictors for early mortality, and we now recommend avoiding the use of BITA grafting in these subgroups of patients in unstable clinical condition. For them, a more simplified approach, such as pedicled ITA and vein grafts, would be more suitable. In patients who are stabilized after IABP has been inserted for unstable angina pectoris, however, we still recommend BITA as first choice. In conclusion, we routinely perform and recommend complete arterial revascularization with bilateral skeletonized ITAs in most of the patients referred for CABG surgery as the most appropriate arterial conduits for the composite technique.
